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Recert searthesfor non-SUSY exaotics in pp collisions at a certer-of-mass energy of 1:96 TeV at
the Tevatron Run Il arereported. The emphasisis put on the results of model-driven analyses
which were updated to the full Run I1A datasets corresponding to integrated luminosities of
about 1fb .

1 Intro duction

Numerous seartes for non Higgs and SUSY extensionsof the Standard Model (SM) are con-
ducted at the Tevatron Run I1.

In this report we concenrate on the model-driven analysesthat were recertly updated by the
DO and CDF collaborations to the full Run I1A datasets, represeting integrated luminosities
slightly in excessof 1 f b 1. Details about these analysescan be found in referencet.

The SM is constructed with the following ingredients: it's a quantum eld theory where
the matter elds are replicated into three families of quarks and leptons. This eld theory is
placedinto a four-dimensional space-time. Its lagrangian is invariant under the Poincare group
and under the SUc(3) SUL(2) Uy (1) gaugegroup. The electroveak symmetry breaking is
provided by the Higgs medanism.

For about three decadesall the experimental tests of the SM have shavn no signi cant
deviations with respect to its predictions. Howewer the SM leaves many questions unresoled
and is clearly not a full and a satisfactory theory. Therefore many ideashave beenproposedto
try to extend both predictivity and its domain of validity.

Among theseideasis a possiblesub-structure of the particles consideredas elemenary in the
SM. This could explain the replication of the quarks and leptons into three families.



Another path is a possible extension of the SM gauge symmetries. This enablesto ervisage
a uni cation of the three fundamental interactions described by the SM at a very high energy
scale,whilst explaining their di erences at low energyasresults of di erent symmetry breakings.
One can also postulate the existenceof extra spacedimensionsthat could explain the hierarchy
betweenthe Planck and the electroveak scalesaswell asthe relative weaknessf the gravitational
interaction with respect to the three other fundamental interactions.

Searhesfor fermions sub-structure are reported in section 2, section 3 and section 4 contain
seartesfor hints of extended gaugesymmetries and of extra spacedimensionsrespectively.
All the exclusionlimits are given at the 95% con dence level.

2 Fermions Sub-Structure

In this section, we describe seardes driven by two types of models that can be related to a
fermions sub-structure. Seardesfor leptoquarks are preseried in the rst sub-sectionand the
secondsub-sectioncontains seardesfor fermion compositeness.

2.1 Saerch for Leptaquarks

The leptoquarks (LQ) carry both a lepton and a baryon quantum number. The relevant phe-
nomenologicalparametersare M o massfor the scalar leptoquarks (simply denoted LQ) and
in addition two anomalouscouplings for the vector leptoquarks (denoted VLQ).

DO performeéiasearm for secondgenerationscalarLQ in the LQ 2+ LQ 2 ! + g% channel,
in a dataset of Ldt = 1:05f b 1. Everts cortaining a hard and isolated muon plus jets and
large missing transverseenergy (E1) and Ht are selected. The left hand side of gure 1 shows
the LQ » reconstructed masswherethe data are badkground-like. A limit excludingM o, < 210
GeV is setin the hypothesisof this semi-leptonic decg of the LQ » pairs.

CDF analysed322pb ! to seart for third generationVLQ in the channelVLQ 3+ VLQ3 !

*  bbwhith one subsequetly decajing into hadrons and the other into leptons. An Ht
variable summing up the Et and the pr of ead reconstructed object in the studied topology is
usedto discriminate the signal from the badkground. Its distribution doesnot reveal any data
excess. This enablesto set limits excluding My g, < 251 GeV and My q, < 317 GeV for
minimal and Yang-Mills couplings respectively as displayed in the right hand part of gure 1.
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Figure 1: Distribution of the Mg, in aLQ2+ LQ2 ! + o°q searth performed by DO (left). Limit on the

production crosssectionof VLQ3z + VLQ3s! *© bbestablished by CDF (right).

2.2 Sarch for Leptonsor Quarks Compositeness

For the hypothesis of quarks and leptons compositenessas detailed in reference?, the main
parametersare the excited fermion massM; and the compositenessscale .



We report two seardes for excited electrons and muons carried by DO with integrated
luminosities of 1f b * and 0:38f b ! respectively. Theseexcited leptons(® ) are producedby the
following cortact interaction process:qq! ~ =~ andsubsequetly decay/ intothe™ | +°
mode, leadingto + ~ ° nal states. The analysesessetially consistin selectingeverts with
two hard and isolated leptons plus a hard and isolated photon and to seart for a resonancein
the M - distribution.

Sinceno excesf data is found with respectto the SM badkground, exclusionlimits are derived
in the and M- plane. For example,for = 1TeV: M, > 756GeV andM > 618GeV.

We alsoreport that in the measuremen of the QCD inclusive jet crosssectionno deviations
with respectto the NLO theory prediction is obsened, even up to the highestjet pt ever probed
of about 610 GeV. Howewer, no explicit limit on Mg is derived from this measuremen yet.

3 Extended Gauge Symmetry

If there existsa grand uni cation of the strong and the electroveak interactions at a high energy
scale,then the breakdown of the corresponding gaugegroup (i.e. SU(5), SO(10), Eg,...) downto
the SM gaugegroup occurs through a cascadeof symmetry breakings where extra SU(2) and
U(1) factors may appear. Sudch extra gaugegroup factors predict the existence of new (and
heavy sincenot obsened yet) W and Z bosonsthat we respectively denote W' and Z'.

We presert a DO seart for the w1 e processin 0.9 fb ! of data. The ewverts are
selectedif they cortain a hard and isolated electron and a signi cant E1. The transversemass
M+ (e ;Et) distribution displayed on the left hand part of gure 2 is scrutinized especially
above 150 GeV. No data excessis found on top of the SM badkground tail. Therefore a w’
with a massbelon 965 GeV is excluded.

We presert a CDF seard for the Zz°1 e‘e processusing a data sampleof 1.29f b 1. The
analysis selectsevents with two hard and isolated electronswith at least onein the certral part
of the calorimeter and with a matching track. Herethe signal regionis de ned asthe tail (above
150 GeV) of the dielectron invariant massshaown on the left hand side of gure 2. The data are
in good agreemen with the SM badground causinga Z° with a masslower than 923 GeV and
SM-like couplingsto be excluded.
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Figure 2: Distributions of the transverse mass (left) and of the invariant mass (right) in seardes for W' by DO
and for Z' by CDF respectively.

4 Extended Num ber of Space Dimensions

The lack of precision measuremelts of gravity in the sub-millimeter domain leaves someroom
for possibledeparturesfrom the Newton's law in this distancerange. Suc exotic behaviours are
obviously predicted in the assumptionthat spacehasmore than three dimensionsbecauseof the



Gausslaw. This explainsthe apparent weaknessof the gravitational interaction with respect to
the other fundamental interactions.

The Randall-Sundrum (RS) model® postulatesthe existenceof a th dimension separating
two branes. The SM elds arelocalizedon onebrane. Gravity liveson the secondbrane whereit
isn't weak, but can propagate along the th dimensionthat hasa warped metric. Kaluza-Klein
excitations of the gravitons appear as naryow resonances.The relevant parametersare the mass

of the rst graviton excitation and the 2~ coupling.

The Arkani-Hamed, Dimopoulos and Dvali (ADD) model# also localizesthe SM elds on one
brane and allows gravity to propagate within a bulk possibly made of up to N = 7 large
extra dimensions. Here Kaluza-Klein excitations of the gravitons cannot be resolved. And the
parameters are the number of extra dimensionsN and the e ective Planck scaleMp (i.e. the
Planck scalein 4+N dimensions).

CDF recycled its z°1 e'e seart into searhesfor G ! e'e and G ! . The

combination of the two latest yields the exclusion plane displayed at the left hand side of gure
3.
We also report on a CDF seart in a 1:1f b 1 dataset for the gqq! G + g contact interaction
process. This processleadsto a mongjet topology. Hencethe analysis requires evens with a
very hard jet cortained in the certral part of the calorimeter and con rmed by tracks. In order
to allow for a gluon ISR or FSR a secondsoft jet is accepted. The discriminating variable is
the Et which is compatible with the expected badkground. Consequetly exclusion limits are
derived as a function of the number of extra dimensionsand the e ectiv e Planck scaleas shown
at the right hand side of gure 3.
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Figure 3: Exclusion plot from the RS CDF search combining the G! e*e and G! channels (left). Limits

on large extra dimensions from the CDF monojet seard (right).

5 Conclusion

Many seardes covering very di erent topologieshave beenstudied at the Tevatron Run |l by
the DO and CDF collaborations. Despite the recert updatesof someof theseanalysesto the full
Run |IA datasetsof about 1f b %, no hints of exotic extensionsof the SM have beenfound and
more stringent exclusionlimits have beenderived.
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